The body sizes and shapes of poikilothermic animals generally show clinal variation with latitude. Among the environmental factors responsible for the dine, temperature seems to be the most probable candidate. In the present work we analysed natural populations of Drosophila melanogaster collected at different geographical localities to determine whether the same selective forces acting on wing development in the laboratory are also at work in the wild. We show that the temperature selection acting on wing development in the laboratory is only one of the selective forces operating in the wild. The size differences between natural populations seem to depend exclusively on cell number whereas they depend on cell area in the laboratory. The two wing compartments behave as distinct units of selection subjected to different genetic control, confirming our previous observations on laboratory populations. In addition, subunits of development defined as regions of cell proliferation centres restricted within longitudinal veins can, in turn, be considered as subunits of selection. Their interaction during development and continuous natural selection around an optimum could explain the high wing shape stability generally found in natural populations.
Introduction
The body size of poikilothermic animals generally shows clinal variation with latitude. This has been well documented for many species of Drosophila in different parts of the world (David et al., 1977; Coyne & Beecham, 1987; David & Capy, 1988; Imasheva et al., 1994 for D. melanogaster; Capy et al., 1994 for D. melanogaster and D. simulans; Stalker & Carson, 1947 for D. robusta; Prevosti, 1955 for D. subobscura; Misra & Reeve, 1964 for D. pseudoobscura) . Among the environmental factors responsible for the dine, temperature seems to be the most probable candidate. Although it does not appear to be the only factor involved in population differentiation (Sokoloff, 1966; Anderson, 1968) , temperaturedirected selection for body size occurs in the laboratory (Anderson, 1966 (Anderson, , 1973 Cavicchi et al., 1985 Cavicchi et al., , 1989 , making it plausible that the same selective forces are at work in nature. *Correspondence E-mail: cavicchi_s@biblio.cib.unibo.it Our work on laboratory populations of D. melanogaster revealed a large effect of temperature selection on body shape as well (Cavicchi et al., 1985 (Cavicchi et al., , 1991 . As shape variation reflects variations in the developmental programme of an organism, studies on shape seem relevant to understanding the relationship between development and morphological evolution. We showed that the Anterior and Posterior wing compartments, which are subunits of development (Garcia-Bellido et al., 1973) , also behave as units of selection (Cavicchi et al., 1978 (Cavicchi et al., , 1985 (Cavicchi et al., , 1991 .
Intervein regions have been recognized recently as further subunits of development, as the presumptive veins are local symmetry axes (restriction borders) of cell proliferation within the major compartments (Garcia-Bellido & de Celis, 1992; Garcia-Bellido et al., 1994) . The final size of the intervein regions ('Entelechia' condition) will depend on the maximal values as defined by the expression of vein-specific genes ('martial genes'). Mutations perturbing the system, modifying the martial values, induce an accommodation of the surrounding territories. We showed that after artificial selection for the size of different veins (Guerra et a!., 1997) The areas of different wing regions, cell size and number were estimated following the procedure described in the accompanying paper (Guerra et al., 1997) . Twenty flies (two for each isofemale line) of the smallest (Mali) and largest (Bologna) populations (see Results) were considered.
Results Table 1 gives areas of the five wing regions, of the Anterior and Posterior compartments and of the total wing for each population. Both wing compartments and all the wing regions seem to follow the same variation. Southern populations showed the smallest wings but the clinal variation with latitude was only in partly evident as the flies from northern Italy had larger wings than those from Denmark.
The relative contributions of different wing regions are given in Table 2 . The contribution to the total wing of the Posterior compartment increased with the whole wing size. The A, B and less so the E wing regions varied proportionally to the total wing area, whereas the C region proportionally decreased and the D proportionally increased. The two wing regions at the boundary of Anterior-Posterior compartments seem therefore to be the ones responsible for the wing shape variation. Table 3 gives intraclass correlation coefficients for isofemale lines and populations in order to estimate the amount of genetic variance for different intervein regions. F-tests for significance between populations (shown in Table 1 ) and between isofemale lines (not shown) were highly significant for all regions. In general, all areas showed similar high genetic components for both isofemale lines and populations. shows a relatively high correlation with all regions that decreases with distance. Table 6 gives cell areas and numbers of different wing regions in the smallest (Mali) and largest (Bologna) populations and their differences. The size difference between the two populations was, on average, dependent on cell number. Interestingly, it depended on cell area when the C and E regions were considered.
Discussion
In the present work we analysed size and shape variation between natural populations of Drosophila melanogaster with the aim of connecting morphological evolution to developmental organization. Here we show that the selective forces acting on wing development in the laboratory are only in part comparable to those that are at work in the wild. The morphological variation between the natural Our observations on the contribution of the two wing compartments to wing size and shape show that they are distinct units of selection subjected to different genetic control. The present findings overlap our previous observations on laboratory populations subjected to temperature selection (Cavicchi et a!., 1985 (Cavicchi et a!., , 1991 where shape variation, as a consequence of differential selection on the two wing compartments, matches wing size variation.
In any case, the base mechanisms generating comparable phenotypes seem to be different in laboratory and natural populations. In populations subjected to temperature selection in the laboratory, variations in wing size and shape seem to be completely dependent on cell area (Cavicchi et a!., 1985) , whereas in nature they are dependent on cell (Falconer, 1981) .
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Because different targets of selection seem to exist in the laboratory and in the wild, it is reasonable to suggest, in agreement with the authors quoted in the introduction to the present work, that temperature is only one of the environmental factors involved in size variation between natural populations along a dine. We also focused our attention on the subunits of development into which the wing is subdivided, and also recognized as units of artificial selection (Guerra et a!., 1997) , to verify if: (1) they may, in turn, be the target of selection in the wild; and if (ii) their interaction during development could be considered as a cause of phenotypic stability.
Three basic results seem to support the two hypotheses: (i) we found a high genetic component for the relative contribution of different wing regions to total wing surface within populations; more interestingly, (ii) they contribute differentially to the size differences between populations, generating shape differences; (iii) the contribution in terms of cell area or number to size difference between the smallest (Mali) and largest (Bologna) populations seems a peculiarity of the intervein region considered.
The D region (Posterior compartment) is the most responsive to latitude, whereas the other two surrounding regions, the C (Anterior compartment) and, less so, the E (Posterior compartment) are the least responsive. The D region seems therefore to possess a larger genetic and/or developmental flexibility or to be the possible target of natural selection. In our opinion, both possibilities could be true. In the accompanying paper (Guerra et a!., 1997) we found that the quality of the response, i.e. the correlated response of different traits and regions, was independent of the quantity of the response. In general, the correlated response to any selected trait was larger for the regions located posteriorly than for those located anteriorly to it. This is particularly evident when whole major compartments (Anterior and Posterior) are considered: both contribute similarly to the size of the wing blade when selection is performed on veins belonging to the A compartment, but the P compartment shows a higher response when the selection is performed on veins lying posteriorly. This means that deviation from the base allometry is reached only when the target of selection is located on the Posterior compartment that also shows the largest accommodation properties. This also means that wing shape, and therefore the way in which wing blade grows and develops, is differently affected by the positional information associated with the selected trait.
From a quantitative point of view this would be reflected in very high phenotypic correlations among wing regions; and this is what we observed both after artificial selection and in the wild (r>0.7). But if accommodation occurs, it is expected that the territories surrounding the perturbed region are those that maximally accommodate. In the present experiment, the territories surrounding the D region were those showing the lower accommodation.
Interestingly, this was reflected in a relative constancy of cell number and not of cell area. In our previous experiment (Guerra et a!., 1997) we showed that, when selection was directed at posterior veins, the correlated response of the D region involved cell area, that of the E region cell number, whereas the anterior regions behaved similarly in laboratory and natural populations. However, both selection in the laboratory and in nature changes the whole wing size through cell number. Whichever is the intimate mechanism of the integration of cell size and number at the phenotypic level, the final outcome is that the C and E regions behave as if to minimize the effects of the larger variation of the D region.
The partial correlation coefficients are higher between the D and the surrounding regions. All the anterior regions are correlated with the posterior ones, especially with the D region. In the last case a decreasing correlation is observed according to the distance within the wing, in agreement with our previous observation of a lower response of the regions located anteriorly to the selected trait (Guerra et al., 1997) .
Genetic variability for wing regions within populations was evaluated by intraclass correlation coefficients for isofemale lines, which estimate the genetic component of variance in a broad sense, including the additive, dominance, interaction and maternal components. These estimates were found to be larger than the heritability (which accounts only for the additive component) we obtained for wing veins in our artificial selection experiment.
The contrast between the high genetic component for the deviation from the base wing allometry within populations and the low component among populations, could have both a developmental and an evolutionary explanation. In fact, accommodation, in the sense of the 'Entelechia model', can be considered a homeostatic mechanism involving the interaction of major genes responsible for the resolution of the pattern, that, per Se, mechanically explains the stability of a form. In a study on the cuticular pattern in the genus Drosophila, GarciaBellido (1983) reported data on wing size differences between the smallest (D. latifasciaeformis) and largest (D. gibberosa) species studied. He found a five-fold difference in the area accounted for by both the number of cells (three times) and their size (1.6 times). Interestingly, a comparison between the shapes, including many other species with different sizes, was found to be highly constant (GarciaBellido, personal communication).
The forces of natural selection, operating in a quantitative way, though not able to create new patterns, can modulate the final outcome of the developing organ. Though strongly constrained, the features of the wings in the studied populations show significant differences. This could be explained as an optimization of the wing features according to body size in different climatic areas (Capy et a!., 1994; . Functional studies of wing morphology in different taxa (Wootton, 1981 (Wootton, , 1990 Ennos, 1988) explain the features of contour and venation as optimizations for flying. Moreover, the evolutionary and functional advantages of having smaller and narrower wings in a warmer climate could be in part explained by considering the thermoregulatory properties of insect wings (Kingsolver & Koehl, 1985) .
